Context. Hyper-velocity stars are suggested to originate from the dynamical interaction of binary stars with the supermassive black hole in the Galactic centre (GC), which accelerates one component of the binary to beyond the Galactic escape velocity. Aims. The evolutionary status and GC origin of the hyper-velocity star SDSS J113312.12+010824.9 (aka HVS 7) is constrained from a detailed study of its stellar parameters and chemical composition.
Introduction
predicted that the tidal disruption of a binary by a supermassive black hole (SMBH) could lead to the ejection of stars with velocities exceeding the escape velocity of our Galaxy. The Galactic centre (GC) is the suspected place of origin of these so-called hyper-velocity stars (HVSs), as it hosts a SMBH. The first HVSs have only recently been discovered serendipitously (Brown et al. 2005; Hirsch et al. 2005; Edelmann et al. 2005) . A systematic search for such objects has resulted in the discovery of 8 additional HVSs (see Brown et al. 2007; Heber et al. 2008a) .
A determination of the space motion of a HVS can be used to trace back the trajectory unambiguously to the place of ejection. This has been done only for one HVS (HD 271791, originating from the Galactic rim, Heber et al. 2008a) , as sufficiently accurate proper motions are lacking for all other HVSs at present.
Alternatively, the chemical composition of a star may be used to constrain its place of origin. Stars in the GC have a unique chemical composition, as they show enhancement of the α-elements and roughly solar iron (e.g. Cunha et al. 2007 ). So far, only one object could be studied in this way ⋆ Based on observations collected at the European Southern Observatory, Paranal, Chile, proposal 079.D-0756(A). ⋆⋆ Current address: Max-Planck-Institut für Astrophysik, KarlSchwarzschild-Str. 1, D-85741 Garching, Germany which probably originates in the Large Magellanic Cloud, Przybilla et al. 2008 ). This method is currently limited by the need to obtain high-resolution spectra of faint objects.
At present, no HVS can unambiguously be related to a GC origin. Instead, alternative methods of acceleration such as dynamical ejection from dense cluster cores (Leonard 1991) or disruption of a binary by an intermediate-mass black hole (Gualandris & Portegies Zwart 2007) challenge the SMBH paradigm.
SDSS J113312.12+010824.9(aka HVS 7, Brown et al. 2006 ) is the 4th-brightest HVS candidate known (V = 17.80). Its spectral morphology of late B-type is consistent with either an intermediate-mass star close to the main sequence or a low-mass star on the blue horizontal branch (Brown et al. 2006; Heber et al. 2008b ). We obtained high-resolution spectra of HVS 7 with UVES on the VLT and perform a quantitative spectral analysis using state-of-the-art modelling techniques in the present work to constrain its nature and its place of origin.
Observations and quantitative analysis
Seventeen spectra of HVS 7 with a total integration time of ∼6.8 h were obtained between April 15 and May 10, 2007, covering the range of 3750 to 4950 Å and 5700 to 9000 Å at a resolving power of R ≈ 35 000. The data reduction followed procedures described by Koester et al. (2001) . A spectrum of the DC white dwarf WD 1055−072 was also taken so that the continuum could Table 1 ) with observations (grey), exemplary for some strategic regions. Panels (a) to (d) illustrate the T eff and log g determination from Balmer lines (Hγ in (a)) and the Si ionisation equilibrium: Si ii (b), Si iii (c) and Si i (d). Note the strong Si ii lines in panel (b) indicative of a Si overabundance. Panel (e) illustrates the weakness (deficiency) of He i and Mg ii, (f) the absence (deficiency) of C ii, (g) the presence (strong enrichment) of Cl ii and (h) a blend of Sr ii and Si ii. Iron group elements are highlighted in (c) and rare-earth elements in (d). Other prominent spectral lines are identified. be normalised reliably. No radial velocity variations were found within the detection limits. A peak S/N of ≈80 per resolution element was measured for the coadded spectrum in the blue.
An inspection of the spectrum indicated at first glance that HVS 7 is a chemically-peculiar (CP) late B-type (Bp) star with moderate (projected) rotational velocity v sin i. The helium lines are extremely weak, very strong silicon lines dominate the metal line spectrum. A closer inspection identified most of the α-process elements and most of the iron group elements in the spectrum, and many heavier species up to rare-earth elements and mercury. The presence of chlorine and strong phosphorus and cobalt lines in the spectrum of HVS 7 is unusual even for CP stars. Moreover, lines of carbon, nitrogen and oxygen are absent within the present detection limits. Many observed spectral lines remain unidentified, in the red spectral region, in particular.
The quantitative analysis of HVS 7 was carried out based on standard assumptions made in the field of CP stars (in particular assuming a chemically homogeneous atmosphere). In addition, we went beyond the standard by accounting for NLTE effects for many important elements. We followed the methodology discussed by Przybilla et al. (2006) and Nieva & Przybilla (2007) , with some modifications and extensions in order to account for the chemical peculiarity of the stellar atmosphere.
In brief, NLTE line-formation calculations were performed on the basis of line-blanketed LTE model atmospheres (Atlas12, Kurucz 1996) using updated versions of Detail and Surface (Giddings 1981; Butler & Giddings 1985) . The coupled statistical equilibrium and radiative transfer problem was solved with Detail and Surface provided the formal solution based on the resulting NLTE occupation numbers. Line-blocking within Detail was realised here using an opacity sampling technique according to Kurucz (1996) . State-of-the-art model atoms were employed as indicated in Table 1 , and in addition the hydrogen model atom of Przybilla & Butler (2004) . LTE line-formation was performed with Surface. The list of elements for the spectrum synthesis was extended to the 'peculiar' species for the present work. See Appendix A (available online) for details of the line-formation calculations.
The chemical peculiarity of the stellar atmosphere required an iterative approach to the analysis. Starting with a model with scaled solar abundances a full analysis was performed. The resulting abundances were used to compute an improved model with Atlas12, which indicated corrections to stellar parameters and abundances in a second step. Several such iterations were required to obtain consistency and a tailored atmospheric model.
The effective temperature T eff and the surface gravity log g were determined from the Stark-broadened Balmer lines (Hβ to H 11 ) and the ionisation equilibrium of Si ii/iii (the strongly blended Si i λ3905 Å line [in LTE] is also consistent). The microturbulence velocity ξ was derived in the standard way by demanding that the line abundances within Fe ii be independent of equivalent width. The uncertainties in the stellar parameters (T eff , log g) were constrained by the quality of the match of the spectral indicators within the given S/N limitations. Heber et al. (2008b) determined T eff = 12 600±500 K, log g = 3.71±0.2 from an LTE analysis of the Balmer series in spectra of lower resolution in excellent agreement with the present results.
Elemental abundances were determined from visual fits to profiles of isolated lines (or lines with resolved blends). Spectrum synthesis was mandatory because at the given v sin i the identification of line blends has to be considered carefully for a successful analysis. Upper limits to the C, N and O abundances were determined from C ii λ4267 Å, N ii λ3995 Å and O i λλ7771-5 Å, the strongest predicted lines for these elements. The only available Hg line (Hg ii λ3984 Å) is blended, therefore the Hg abundance is regarded as uncertain.
The results of the analysis are summarised in Table 1 , the final synthetic spectrum is compared to observation for some exemplary regions in Fig. 1 . Overall, good to excellent agreement between the model and observation is achieved. Note that many spectral lines are strongly blended and were omitted from the analysis though a good match is obtained in the comparison with the complete synthetic spectrum, with a few exceptions. In addition, several observed lines are unaccounted for by the model. No positive identification of these lines could be found, a common problem in the field of CP stars, because the atomic data are unavailable. These transitions supposedly arise from highlyexcited levels of iron group species, which are unobserved at normal abundance values, or are lines of heavier elements. Many chemical peculiarities relative to the solar composition (Grevesse & Sauval 1998) are found, as shown in Fig. 2 . In general, we find an increase in abundance with atomic weight. The helium abundance is extremely low (<1/100 solar), C, N and O are absent within the detection limits (<1/100, 1/3, <1/10 solar, respectively) and magnesium is markedly underabundant (∼1/30 solar). Silicon is the most abundant metal (>10×solar) and chlorine, cobalt and phosphorus are pronouncedly overabundant (∼440, 80 and 40×solar). All heavier elements are largely overabundant: ∼10×solar values for iron group elements and ∼10 000×solar values for rare-earth elements and mercury. NLTE effects. There are very few NLTE analyses of CP stars available in the literature, which mostly deal with λ Boo stars (Paunzen et al. 1999; Kamp et al. 2001) . We therefore want to briefly discuss some results that may be of relevance to other studies of Bp objects and possibly for other CP star groups.
NLTE and LTE abundances from the weak He i lines (only triplet lines are observed) show differences up to 0.3 dex (He i λ4471 Å), as a significant NLTE overpopulation in the triplet states can build up deep in the atmosphere because radiative deexcitation to the ground state is forbidden. The same mechanism is in operation for O i λλ7771-5 Å. Similar cases may be P ii and Cl ii (where we lack model atoms for NLTE calculations). Lines from spin systems which are not connected radiatively to the ground state are observed for both ions, while lines from the spin systems that include the ground state remain below the detection limit, although both should be visible when assum- ing LTE. NLTE effects for C ii λ4267 Å, N ii λ3995 Å (for upper limit abundances), Mg ii and S ii remain small, as the lines are formed deep in the atmosphere where level populations are close to detailed equilibrium. The strongest metal lines in the spectrum, of Si ii, are often saturated and the NLTE effects remain small because the lines become optically thick.
Differences between the NLTE and LTE analyses are mostly similar to those in main sequence stars of normal composition (Hempel & Holweger 2003) , except for Ti ii and Fe ii. For these, surprisingly large NLTE effects are found here, ∼0.6-0.7 dex, exceeding even the effects found in supergiants ) at similar T eff . The main NLTE mechanisms in these cases are an overionisation of the ground state and the energetically low levels. Because of the large overabundances the lines form at much smaller depths in the atmosphere than under normal conditions (though avoiding saturation), so that the level populations deviate strongly from detailed equilibrium values. Such a mechanism is also plausible for the first ions of the rare-earth elements, which have ionisation energies of about 10-12 eV, i.e. they are efficiently ionised by the intense radiation field longward of the Ly jump. This may e.g. explain the virtual absence of expected Gd ii resonance lines in the optical, whereas lines from excited Gd ii levels are observed. Accounting for NLTE effects may also help to establish the Dy ii/iii ionisation equilibrium.
For the moment, we can conclude that some CP stars with elemental overabundances, such as the Bp star analysed here, may be good candidates for the study of NLTE effects. Further investigations will be required, as the present results cannot be generalised to other CP star classes.
Discussion
Based on the position of HVS 7 in a T eff -log g-diagram alone one cannot decide whether the star is an intermediate-mass star of 3-4 M ⊙ close to the main sequence or a low-mass star of ∼0.5-0.7 M ⊙ on the horizontal branch. Heber et al. (2008b) show the problem in their Fig. 2 . An important constraint is also Fig. 3 . Position of HVS 7 in the T eff -log g diagram for the determination of its evolutionary mass and age (error box in grey). Evolutionary tracks for solar metallicity are adopted from Schaller et al. (1992) . Time markers in the range 130-160 Myr are shown for each track. the rotational velocity, which is in general low (<8 km s −1 ) for hot horizontal branch stars (T eff 11 000 K, Behr 2003). The high v sin i of 55 km s −1 does not necessarily rule out an HB star, as the star might have been spun up by tidal locking to the orbital motion before the binary was disrupted (see Hansen 2007) to release the HVS. Chemical peculiarities can occur both on the main sequence (e.g. Smith 1996 ) and on the horizontal branch (e.g. Moehler 2001; Behr 2003) , though the density of metal lines in the latter case is much lower than observed for HVS 7. Hence, HVS 7 is very likely a main-sequence star.
A comparison with evolutionary tracks (Schaller et al. 1992 ) allows the mass of HVS 7 to be constrained (Fig. 3) , and other fundamental stellar parameters such as radius R and luminosity L, and its evolutionary lifetime τ evol to be determined, see Table 1 . The spectroscopic distance is then 59±6 kpc, in excellent agreement with the distance estimate of Brown et al. (2006) . Note that the chemical peculiarities affect only the outer layers of the star. Moreover, they have developed with time, so that evolution tracks for standard composition are appropriate.
An identification of HVS 7 as a CP star comes not entirely unexpected in view of the commonness of late B-type stars with abundance peculiarities. In the following we attempt to classify HVS 7 within the zoo of CP stars. The dominance of the Si lines defines HVS 7 as a hot Bp star (e.g. Smith 1996) , indicating a connection to magnetic stars. Indeed, the observed chemical peculiarities for the elements heavier than chlorine resemble in most cases those usually found for magnetic CP stars (e.g. the sample discussed by López-García et al. 2001 ), see Fig. 2 . However, the lighter elements deviate in many respect from this behaviour. We therefore include also HR 1094 in the comparison, a rare member of the Cl-Co-rich stars (Nielsen & Wahlgren 2000) with similar stellar parameters as HVS 7. Noteworthy is also the He-weakness. We conclude that HVS 7 is an exceptional member of the Bp stars, showing characteristics of several other subclasses of CP stars. The abundance peculiarities may be understood in the standard framework for the theoretical explanation of CP stars: via atomic diffusion processes, i.e. the interplay of gravitational settling and radiative levitation, in magnetically stabilised, non-convective atmospheres (e.g. Michaud 1970) .
As HVS 7 might be a magnetic star, we can constrain its field strength from extra broadening of metal lines (in addition to rotation) due to the Zeeman effect. Assuming that this broadening can be mimicked by microturbulence, we derive an upper limit of 3 kG using Eqns. 1 & 2 of Kupka et al. (1996) . This may put valuable constraints on magnetic fields in the GC if HVS 7 could be proven to be of GC origin (see below) and the field as being of fossil origin (note that the star S2 near the GC is also suggested to be magnetic, Martins et al. 2008) . A neglect of Zeeman splitting results in the overestimation of abundances, an effect most pronounced for the rare-earth elements. In addition, chemical surface inhomogeneities (e.g. spots) may be caused by a magnetic field. In this case the abundances derived here would be averaged surface abundances. The aim of our spectral analysis was to search for chemical signatures that might constrain the place of birth of HVS 7 in the Galaxy, e.g. in the GC. However, diffusion processes have erased any indication of its original composition.
A verification of the Hills mechanism for the acceleration of HVS 7 has to await precise astrometry. Proper motion measurements have to be combined with the known radial velocity to obtain its space velocity vector and to reconstruct the trajectory of HVS 7 back to its place of birth. Assuming that HVS 7 originated in the GC, we can calculate the corresponding proper motion components as described by Edelmann et al. (2005) , resulting in µ α = −0.53 mas yr −1 , µ δ = −0.51 mas yr −1 and a space velocity of ∼830 km s −1 . The corresponding time of flight (120 Myr) from the GC to its present location is in accordance with the evolutionary life time of 150±10 Myr. However, the predicted proper motion is so small that present-day instrumentation is not capable of measuring it with sufficient precision. Final conclusions can be drawn only after the GAIA mission. Martin et al. (1988) ; N98: Nahar (1998); WFD: Wiese et al. (1996) ; WSM: Wiese et al. (1969) , when available replaced by improved g f -values from Fuhr & Wiese (1998) ; YFMW: Younger et al. (1978) ; ZSP: Zhang et al. (2002) sources for Stark broadening parameters -BCS: Barnard et al. (1969) ; C: Cowley (1971) ; G: Griem (1964 Griem ( , 1974 ; LDA: Lanz et al. (1988) ; S: 
